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NONPEPTIDE HIV-1 PROTEASE INHIBITORS
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APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 13/001,339, filed Mar. 31, 2011, which is a U.S.
national application under 35 U.S.C. §371(b) of International
Application Serial No. PCT/US2009/049407, filed Jul. 1,
2009 and published as WO 2010/002994 A1 on Jan. 7, 2010,
which claims priority under 35 U.S.C. §119(e) to U.S. Pro-
visional Application Ser. No. 61/077,343, filed on Jul. 1,
2008, the disclosures of all of which are incorporated by
reference in their entirety.

GOVERNMENT RIGHTS

This invention was made with government support under
grant number GM053386 awarded by the National Institutes
of' Health. The government has certain rights in the invention.

TECHNICAL FIELD

This invention pertains to the field of non-peptide inhibi-
tors of HIV protease enzymes and their use in the treatment of
HIV infections.

BACKGROUND AND SUMMARY OF THE
INVENTION

The AIDS epidemic is one of the most challenging prob-
lems in medicine in the 21st century. A retrovirus designated
human immunodeficiency virus (HIV) is the etiological agent
of the complex disease that includes progressive destruction
of the immune system (acquired immune deficiency syn-
drome; AIDS) and degeneration of the central and peripheral
nervous system. This virus was previously known as LAV,
HTLV-III, or ARV. A common feature of retrovirus replica-
tion is the extensive post-translational processing of precur-
sor polyproteins by a vitally encoded protease to generate
mature vital proteins required for virus assembly and func-
tion. Inhibition of this processing prevents the production of
normally infectious virus. It has been previously demon-
strated that genetic inactivation of the HIV encoded protease
resulted in the production of immature, non-infectious virus
particles. These results indicate that inhibition of the HIV
protease represents a viable method for the treatment of AIDS
and the prevention or treatment of infection by HIV.

Among many strategies to combat this disease, highly
active antiretroviral therapy (HAART) with HIV protease
inhibitors (PIs) in combination with reverse transcriptase
inhibitors (RTIs) continues to be the first line treatment for
control of HIV infection. This treatment regimen has defi-
nitely improved quality of life, enhanced HIV management,
and halted the progression of the disease. However, despite
these impressive successes, there remain many challenges to
treating this devastating disease, including decreasing both
the toxicity of and complexity of these treatment regimens. In
addition, there is a growing population of patients that are
developing multi-drug resistant strains of HIV, and there is
ample evidence that these strains can be further transmitted.

HAART has had a major impact on the AIDS epidemic in
industrially advanced nations; however, eradication of human
immunodeficiency virus type 1 (HIV 1) appears to be cur-
rently unachieved, in part due to the viral reservoirs remain-
ing in blood and infected tissues. The limitation of antiviral
therapy of AIDS is also exacerbated by complicated regi-
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mens, the development of drug-resistant HIV-1 variants, and
a number of inherent adverse effects. However, a number of
challenges have nonetheless been encountered in bringing
about the optimal benefits of the currently available therapeu-
tics of AIDS and HIV-1 infection to individuals receiving
HAART. They include (i) drug-related toxicities; (ii) partial
restoration of immunologic functions once individuals devel-
oped AIDS; (iii) development of various cancers as a conse-
quence of survival prolongation; (iv) flame-up of inflamma-
tion in individuals receiving HAART or immune
re-construction syndrome (IRS); and (v) increased cost of
antiviral therapy. Such limitations of HAART are exacer-
bated by the development of drug-resistant HIV-1 variants.

Without being bound by theory, it is believed that success-
ful antiviral drugs exert their virus-specific effects by inter-
acting with viral receptors, virally encoded enzymes, viral
structural components, viral genes, or their transcripts with-
out disturbing cellular metabolism or function. However, at
present, it is believed that current antiretroviral drugs and
agents are unlikely to be completely specific for HIV-1 or to
be devoid of toxicity or side effects in the therapy of AIDS.
Those issues are of special note because patients with AIDS
and its related diseases will have to receive antiretroviral
therapy for a long period of time, perhaps for the rest of their
lives.

The invention described herein includes novel compounds
and compositions for treating patients in need of relief from
HIV, AIDS, and AIDS-related diseases. In addition, the
invention described herein includes methods for treating HIV,
AIDS, and AIDS-related diseases using the compounds
described herein as well as known compounds that heretofore
have not been used or described as being useful in the treat-
ment of such diseases.

The compounds described herein may be used in the treat-
ment of HIV, AIDS, and AIDS-related diseases. Without
being bound by theory, it is suggested that the compounds
described herein may exert their utility by the inhibition of
proteases encoded by human immunodeficiency virus (HIV),
such as HIV-1. The compounds or pharmaceutically accept-
able salts thereof, are of value in the prevention of infection by
HIV, the treatment of infection by HIV and the treatment of
the resulting acquired immune deficiency syndrome (AIDS),
either as compounds, pharmaceutically acceptable salts, or
pharmaceutical composition ingredients. It is appreciated
that the compounds described herein may be used alone or in
combination with other compounds useful for treating such
diseases, including those compounds that may operate by the
same or different modes of action. Further, it is appreciated
that the compounds and compositions described herein may
be administered alone or with other compounds and compo-
sitions, such as other antivirals, immunomodulators, antibi-
otics, vaccines, and the like.

In one illustrative embodiment, a compound of the follow-
ing Formula I is described.

Formula I

x4 x2
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or a pharmaceutically acceptable salt, isomer, mixture of
isomers, crystalline form, non crystalline form, hydrate, or
solvate thereof; wherein

R is hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, or heteroarylalkyl, each of which is
optionally substituted;

Q'isacycloalkylene, heterocycloalkylene, arylene, or het-
eroarylene, each of which is optionally substituted;

X' isa bond, —N(R'")—, —S(0) 4 Or optionally sub-
stituted alkylene; and R'¢ is —S(0),R'¥, —C(O)R'?,
—NR®*R?, alkyl, cycloalkyl, cycloalkyl-alkyl, heterocy-
cloalkyl, heterocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl,
or heteroarylalkyl, each of which is optionally substituted, or
R and X together with the attached nitrogen form an
optionally substituted heterocyclyl;

X?is —C(0)—, —S(0),—, or optionally substituted alky-
lene;

X3 is —C(O)—or —3(0),—;

X*is a bond, —C(0)—, —S(O) s —N(R'")—, option-
ally substituted alkylene, —CH(C(O)R'?)—, or —CH(S(0),
Rl 1)7,

X? is a bond, —N(R'")—, —S(0),—, or optionally sub-
stituted alkylene;

R? and R? are each independently selected from the group
consisting of hydrogen, —S(0),R**, —C(O)R*?, —N(R?)
R?, alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, het-
erocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and het-
eroarylalkyl, each of which is optionally substituted; R* and
R? are each independently selected from the group consisting
of hydrogen, halogen, —OH, —NO,, —N(R®*R®, —OR'?,
—S(0), R, —C(O)R'?, alkyl, cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl, each of which is optionally substituted;
or R?, R*, X* and the attached nitrogen form an optionally
substituted heterocyclyl;

p is independently 1 or 2 in each instance; and n and q are
each independently O, 1, or 2 in each instance;

R?® is hydrogen, or a prodrug forming group;

R?® is in each instance independently selected from the
group consisting of hydrogen, —C(O)R'?, —S(0O),R**,
alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, hetero-
cycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
lkyl, each of which is optionally substituted;

R is in each instance independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted;

R'° is in each instance independently selected from the
group consisting of —C(Q)R*?, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted;

R is in each instance independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted, when n is 0; R'' is in each instance
independently selected from the group consisting of alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted, when nis 1; and
R'!is in each instance independently selected from the group
consisting of —N(R'®)R'S, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryl
alkyl, heteroaryl, and heteroarylalkyl, each of which is
optionally substituted, when n is 2;
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R'? and R'® are each independently selected from the
group consisting of hydrogen, —OR'®, —N(R'*)R*®, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted;

R'* is in each instance independently selected from the
group consisting of hydrogen, —NR'®R', alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted; and

R'*, R*®, R'7, R'®, and R'? are in each instance indepen-
dently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted;

with the proviso that the compound is not

~___SO:Me

N
OMe
oH
e e e
Ph N N NGO s
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Ph\rN N N ~y
0 0
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In another illustrative embodiment, a compound of the
following Formula II is described.

Formula IT

and solvates, hydrates and pharmaceutically acceptable salts
thereof;, wherein:

W and Z are independently selected from the group con-
sisting of a bond and a divalent group CR*, CR*,, N, NR*, O,
S(0),, and covalently bonded combinations thereof; where m
is an integer from 0 to 2; providing that neither W nor Z
comprises O—O, or O—S(0O); and providing that W, Z, and
the attached carbons form at least a five-membered ring;

bonds a, b, ¢, and d are each independently selected from
the group consisting single bond, double bond, and aromatic
bond;

R# is in each instance independently selected from the
group consisting of hydrogen, alkyl, alkenyl, heteroalkyl,
cycloalkyl, heterocyclyl, halo, nitro, cyano, OR*#, SR**4,
S(O)R13A, SOzRBA, NR13AR14A, C02R13A’ CONR13AR14A,
aryl, heteroaryl, arylalkyl, and heteroarylalkyl, each of which
is optionally substituted; where R*># and R*** are each inde-
pendently selected in each instance from the group consisting
of hydrogen, alkyl, alkenyl, heteroalkyl, cycloalkyl, hetero-
cyclyl, aryl, arylalkyl, heteroaryl, and heteroarylalkyl, each
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of which is optionally substituted, or R**# and R*** together
with the attached nitrogen form an optionally substituted
heterocyclyl;

R!is hydrogen, alkyl, alkenyl, heteroalkyl, cycloalkyl, het-
erocyclyl, aryl, arylalkyl, heteroaryl, or heteroarylalkyl, each
of which is optionally substituted; and X' is a bond, alkylene,
heteroalkylene, cycloalkylene, or cycloheteroalkylene, each
of which is optionally substituted; or R' and X" together with
the attached nitrogen form an optionally substituted hetero-
cyclyl;

R is hydrogen, alkyl, alkenyl, heteroalkyl, cycloalkyl, het-
erocyclyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, each
of which is optionally substituted;

L' is —C(0)—, —OC(0O)—, —NR’C(O)—, —S(0),—,
or —CR’R®*—; where nis 1 or 2; and R” and R®** are each
independently selected from the group consisting of hydro-
gen, alkyl, alkenyl, hetero alkyl, cycloalkyl, heterocyclyl,
aryl, arylalkyl, heteroaryl and heteroarylalkyl, each of which
is optionally substituted, or R” and R3* together with the
carbon atom to which they are attached form an optionally
substituted cycloalkyl;

L?is —C(O)— or —S5(0),—, where pis 1 or 2;

R>4is alkyl, alkenyl, heteroalkyl, cycloalkyl, heterocyclyl,
aryl, arylalkyl, heteroaryl or heteroarylalkyl, each of which is
optionally substituted;

R?° is independently in each instance hydrogen or a pro-
drug moiety;

7 is —C(O)—, —C(0)0—, —C(O)NR*—, —NR*°C
(O)— —S(0),—, —NR?°S(0) ,— optionally substituted
alkylene, —CH(C(O)NR*R'°4)— —CH(C(O)OR**)—,
or —CH(S(0),R**)—; where q is 1 or 2; r is an integer from
0to 2; and R and R'°“ are each independently selected from
the group consisting of hydrogen, alkyl, alkenyl, heteroalkyl,
cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl and het-
eroarylalkyl, each of which is optionally substituted, or R%*
and R'%? together with the attached nitrogen form an option-
ally substituted heterocyclyl; and

R*is cycloalkyl, heterocyclyl, aryl, or heteroaryl, each of
which is optionally substituted; and R># is hydrogen, alkyl,
alkenyl, heteroalkyl, arylalkyl, heteroarylalkyl, heterocycly-
lalkyl, each of which is optionally substituted, —NR*°R%?,
-alkylene-SR*''“-alkylene-OR''4,  -alkylene-NR''“R!*4;
where R is hydrogen, alkyl, alkenyl, heteroalkyl, arylalkyl,
heteroarylalkyl, heterocyclylalkyl, each of which is option-
ally substituted, -alkylene-SR''“, -alkylene-OR'*<, or -alky-
lene-NR'"'“R'**; where R'™ and R'** are each indepen-
dently selected from the group consisting of hydrogen, alkyl,
alkenyl, heteroalkyl, cycloalkyl, heterocyclyl, aryl, arylalkyl,
heteroaryl and heteroarylalkyl, each of which is optionally
substituted; or R'*“ and R**< together with the attached nitro-
gen form an optionally substituted heterocyclyl; or R** and
R** together with L* and the attached nitrogen form an
optionally substituted mono or bicyclic heterocycle;

providing that the compound is not

SO,Me
\N/ 2

OH
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and

providing that when L is C(O), R* is aryl, or heteroaryl,
each of which is optionally substituted, or R** and R34
together with L? and the attached nitrogen form an optionally
substituted heterocycle.

In another illustrative embodiment, a compound of the
following Formula I1I is described.

Formula ITT

and solvates, hydrates and pharmaceutically acceptable salts
thereof;, wherein:

A is a divalent aromatic group;

R'ishydrogen, alkyl, alkenyl, heteroalkyl, cycloalkyl, het-
erocyclyl, aryl, arylalkyl, heteroaryl, or heteroarylalkyl, each
of which is optionally substituted; and X* is a bond, alkylene,
heteroalkylene, cycloalkylene, or cycloheteroalkylene, each
of which is optionally substituted; or R' and X' together with
the attached nitrogen form an optionally substituted hetero-
cyclyl;

R is hydrogen, alkyl, alkenyl, heteroalkyl, cycloalkyl, het-
erocyclyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, each
of which is optionally substituted;

L*is —C(0)—, —S(0),—, or—CRR*—; wherenis 1
or 2; R” and R are each independently selected from the
group consisting of hydrogen, alkyl, alkenyl, heteroalkyl,
cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl and het-
eroarylalkyl, or R” and R®** together with the carbon atom to
which they are attached form an cycloalkyl, each of which is
optionally substituted;

L?is —C(O)—or —S5(0),—, wherepis 1 or 2;

R>is alkyl, alkenyl, heteroalkyl, cycloalkyl, heterocyclyl,
aryl, arylalkyl, heteroaryl or heteroarylalkyl, each of which is
optionally substituted;

R*° is hydrogen or a pro-drug moiety;

L?is —C(O)—, —3(0),—, NR®4, optionally substituted
alkylene, —CH(C(O)NR*R'°4)— —CH(C(O)OR**)—,
or —CH(S(0),R°4)—; where q is 1 or 2; r is an integer from
0to 2; and R® and R'®“ are each independently selected from
the group consisting of hydrogen, alkyl, alkenyl, heteroalkyl,
cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl and het-
eroarylalkyl, each of which is optionally substituted, or R%4
and R4 together with the attached nitrogen form an option-
ally substituted heterocyclyl;

R*!is cycloalkyl, heterocyclyl, aryl, or heteroaryl, each of
which is optionally substituted; R>Z is hydrogen, alkyl, alk-
enyl, heteroalkyl, arylalkyl, heteroarylalkyl, heterocyclyla-
Ikyl, each of which is optionally substituted, -alkylene-
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SR, alkylene-OR'*# or -alkylene-NR''“R**4, where R* <
and R'** are each independently selected from the group
consisting of hydrogen, alkyl, alkenyl, heteroalkyl,
cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl and het-
eroarylalkyl, each of which is optionally substituted, or R**<
and R'*# together with the attached nitrogen form an option-
ally substituted heterocyclyl; or R** and R*® together with L
and the attached nitrogen form an optionally substituted het-
erocycle;
with the proviso that the compound is not

SO,Me
~ N -~
OMe
OH
H H H
Ph N, N. N\ s
T s
O O
Ph or
~ N - SO:Me

H
Ph N,
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In another embodiment, methods for treating AIDS, HIV,
and other AIDS-related diseases are described herein, where
the method includes the step of administering to a patient in
need of relief from the disease a therapeutically effective
amount or one or more compounds of Formulae I, II, and/or
11

In another embodiment, methods for treating AIDS, HIV,
and other AIDS-related diseases are described herein, where
the method includes the step of administering to a patient in
need of relief from the disease a therapeutically effective
amount of one or more compounds of Formula IV, or a com-
position containing one or more compounds of Formula IV

Formula IV
x4 x2

or a pharmaceutically acceptable salt, isomer, mixture of
isomers, crystalline form, non crystalline form, hydrate, or
solvate thereof; wherein

R is hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, or heteroarylalkyl, each of which is
optionally substituted;

Q'isacycloalkylene, heterocycloalkylene, arylene, or het-
eroarylene, each of which is optionally substituted;

X'*is abond, —N(R'")—, —S(O),—, or optionally sub-
stituted alkylene; and R'¢ is —S(0),R'*, —C(O)R'?,
—NR®R?, alkyl, cycloalkyl, cycloalkyl-alkyl, heterocy-
cloalkyl, heterocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl,
or heteroarylalkyl, each of which is optionally substituted, or
R and X' together with the attached nitrogen form an
optionally substituted heterocyclyl;
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X?is—C(0)—, —S(0),—, or optionally substituted alky-
lene;

X? is —C(O)— or —S(0),—;

X* is a bond, —C(0)—, —S(O) s —N(R'")—, option-
ally substituted alkylene, —CH(C(O)R'?)—, or —CH(S(0),
R™)—

X? is a bond, —N(R'")—, —S(0) 4 Or optionally sub-
stituted alkylene;

R? and R? are each independently selected from the group
consisting of hydrogen, —S(0O),R**, —C(O)R*?, —N(R?)
R?, alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, het-
erocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and het-
eroarylalkyl, each of which is optionally substituted; R* and
R? are each independently selected from the group consisting
of hydrogen, halogen, —OH, —NO,, —N(R®*)R®, —S(0),
R!', —C(O)R'?, alkyl, cycloalkyl, heterocycloalkyl, aryl,
and heteroaryl, each of which is optionally substituted; or R,
R*, X* and the attached nitrogen form an optionally substi-
tuted heterocyclyl;

p is independently 1 or 2 in each instance; and n and q are
each independently O, 1, or 2 in each instance;

R*° is hydrogen, or a prodrug forming group;

R® is in each instance independently selected from the
group consisting of hydrogen, —C(O)R'?, —S(0O),R™*,
alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, hetero-
cycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted;

R’ is in each instance independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted;

R'° is in each instance independently selected from the
group consisting of —C(O)R'?, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted;

R is in each instance independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted, when n is 0; R'! is in each instance
independently selected from the group consisting of alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted, whenn is 1; and
R!! is in each instance independently selected from the group
consisting of —N(R'*)R'S, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted, when n is 2;

R'? and R"® are each independently selected from the
group consisting of hydrogen, —OR'®, —N(R'*)R*®, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted;

R'* is in each instance independently selected from the
group consisting of hydrogen, —N(R'®*)R*, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted; and

R'*, R*®, R'7, R'®, and R'? are in each instance indepen-
dently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted.
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In another embodiment, pharmaceutical compositions
comprising one or more compounds of Formulae 1, IT and/or
11T are described herein.

DETAILED DESCRIPTION

In one illustrative embodiment, a compound of the follow-
ing Formula I is described.

Formula I

x4 X2

or a pharmaceutically acceptable salt, isomer, mixture of
isomers, crystalline form, non crystalline form, hydrate, or
solvate thereof; wherein

R is hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, or heteroarylalkyl, each of which is
optionally substituted;

Q'isacycloalkylene, heterocycloalkylene, arylene, or het-
eroarylene, each of which is optionally substituted;

X' isabond, —N(R'")—, —S(0) 4 Of optionally sub-
stituted alkylene; and R'¢ is —S(0),R'*, —C(O)R'?,
—NR*R?®, alkyl, cycloalkyl, cycloalkyl-alkyl, heterocy-
cloalkyl, heterocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl,
or heteroarylalkyl, each of which is optionally substituted, or
R' and X'* together with the attached nitrogen form an
optionally substituted heterocyclyl;

X?is —C(0)—, —S(0),—, or optionally substituted alky-
lene;

X3 is —C(O)—or —3(0),—;

X*is a bond, —C(0)—, —S(0) s —N(R'")—, option-
ally substituted alkylene, —CH(C(O)R'?)—, or —CH(S(0),
Rl 1)7,

X? is a bond, —N(R'")—, —S(0),—, or optionally sub-
stituted alkylene;

R? and R? are each independently selected from the group
consisting of hydrogen, —S(0),R**, —C(O)R*?, —N(R?)
R?, alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, het-
erocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and het-
eroarylalkyl, each of which is optionally substituted; R* and
R? are each independently selected from the group consisting
of hydrogen, halogen, —OH, —NO,, —N(R®*R®, —OR'?,
—S(0), R, —C(O)R'?, alkyl, cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl, each of which is optionally substituted;
or R?, R*, X* and the attached nitrogen form an optionally
substituted heterocyclyl;

p is independently 1 or 2 in each instance; and n and q are
each independently O, 1, or 2 in each instance;

R?® is hydrogen, or a prodrug forming group;

R?® is in each instance independently selected from the
group consisting of hydrogen, —C(O)R'?, —S(0),R**,
alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, hetero-
cycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
lkyl, each of which is optionally substituted;

R® is in each instance independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted;
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R'° is in each instance independently selected from the
group consisting of —C(O)R'?, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted;

R is in each instance independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted, when n is 0; R'! is in each instance
independently selected from the group consisting of alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted, whenn is 1; and
R!! is in each instance independently selected from the group
consisting of —N(R'*)R'S, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted, when n is 2;

R'? and R"® are each independently selected from the
group consisting of hydrogen, —OR'®, —N(R'*)R*®, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted;

R'* is in each instance independently selected from the
group consisting of hydrogen, —NR'®R', alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted; and

R'*, R*®, R'7, R'®, and R'? are in each instance indepen-
dently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted;

with the proviso that the compound is not

SO,Me
~ N7 2
OMe
OH
H H H
Ph N N No S
\r 5
O O
Ph or
~ N _-SO:Me
H
Ph N

OH S\
g L~
Ty e

In another embodiment, a compound of Formula I, or a
pharmaceutically acceptable salt, isomer, mixture of isomers,
crystalline form, non crystalline form, hydrate, or solvate
thereof is described herein;

wherein

R is hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, or heteroarylalkyl, each of which is
optionally substituted;

Q' is acycloalkylene, heterocycloalkylene, arylene, or het-
eroarylene, each of which is optionally substituted;

X' is a bond, —C(O)—, —NR")—, —3(0),— or
optionally substituted alkylene; and R is —S(O),R'*,
—C(O)R"?, —N(R®R?, alkyl, cycloalkyl, cycloalkyl-alkyl,
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heterocycloalkyl, heterocycloalkyl-alkyl, aryl, arylalkyl, het-
eroaryl, or heteroarylalkyl, each of which is optionally sub-
stituted, or R* and X' together with the attached nitrogen
form an optionally substituted heterocyclyl;

X2 is a bond, —C(O)—, —S(0),—, or optionally substi-
tuted alkylene;

X? is —C(O)— or —S(0),—

X*is a bond, —C(O)—, S(O) ,—N(R'")—, option-
ally substituted alkylene, —CH(C(O)R”)— or —CH(S(0),
Rl 1)7

X® is a bond, —N(R'")—,
stituted alkylene;

R? and R? are each independently selected from the group
consisting of hydrogen, —S(0O),R**, —C(O)R*?, —N(R?)
R?, alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, het-
erocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and het-
eroarylalkyl, each of which is optionally substituted; R* and
R? are each independently selected from the group consisting
of hydrogen, halogen, —OH, —NO,, —N(R*)R®, —OR'?,
—S(0), R, —C(O)R'?, alkyl, cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl, each of which is optionally substituted;
or R?, R*, X* and the attached nitrogen form an optionally
substituted heterocyclyl;

p is independently 1 or 2 in each instance; and n and q are
each independently O, 1, or 2 in each instance;

R?° is hydrogen, or a prodrug forming group;

R?® is in each instance independently selected from the
group consisting of hydrogen, —C(O)R'?, —S(0O),R**,
alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, hetero-
cycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
lkyl, each of which is optionally substituted;

R is in each instance independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted;

R'° is in each instance independently selected from the
group consisting of —C(Q)R*?, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted;

R is in each instance independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted, when n is 0; R'' is in each instance
independently selected from the group consisting of alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted, when nis 1; and
R!! is in each instance independently selected from the group
consisting of —N(R'*)R'S, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryl
alkyl, heteroaryl, and heteroarylalkyl, each of which is
optionally substituted, when n is 2;

R'? and R'? are each independently selected from the
group consisting of hydrogen, —OR'®, —N(R'*)R'®, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
lkyl, each of which is optionally substituted;

R'* is in each instance independently selected from the
group consisting of hydrogen, —NR'®R', alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted; and

R', R'¢, R'7, R*®, and R*® are in each instance indepen-
dently selected from the group consisting of hydrogen, alkyl,

—3(0),—, or optionally sub-
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cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted;

with the proviso that the compound is not

- S0Me

VYN ¥

SO,Me
~ N~
H
Ph N

OH S\
g LI~
IS Se s Gl

In another illustrative embodiment, a compound of the
preceding embodiment is described herein wherein XN
R*)—X>-Q'-X? are taken to form C(O)—NR')-Q'-C
(0); and Q" is an optionally substituted 1,4-arylene.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of the preceding embodiment
are described herein wherein X*—NR)—X>-Q'-X> are
taken to form C(O)—N(R'4)-Q'-C(0); and Q' is an option-
ally substituted 1,4-phenylene;

In another illustrative embodiment, a compound of the
following Formula II is described.

or

Formula IT

ORZO R3A

H
Zs b N. N\ /R4A

13

and solvates, hydrates and pharmaceutically acceptable salts
thereof;, wherein:

W and Z are independently selected from the group con-
sisting of a bond and a divalent group CR*, CR*,, N, NR*, O,
S(0),, and covalently bonded combinations thereof; where m
is an integer from 0 to 2; providing that neither W nor Z
comprises O—O, or O—S(0O); and providing that W, Z, and
the attached carbons form at least a five-membered ring;

bonds a, b, ¢, and d are each independently selected from
the group consisting single bond, double bond, and aromatic
bond;

R# is in each instance independently selected from the
group consisting of hydrogen, alkyl, alkenyl, heteroalkyl,
cycloalkyl, heterocyclyl, halo, nitro, cyano, OR'>4, SR*34,
S(o)R13A SO R13A NR13AR14A CO R13A CONR13AR14A
aryl, heteroaryl arylalkyl, andheteroarylalkyl each of which
is optionally substituted; where R'34 and R'*# are each inde-
pendently selected in each instance from the group consisting
of hydrogen, alkyl, alkenyl, heteroalkyl, cycloalkyl, hetero-
cyclyl, aryl, arylalkyl, heteroaryl, and heteroarylalkyl, each
of which is optionally substituted, or R**% and R*** together
with the attached nitrogen form an optionally substituted
heterocyclyl;
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R is hydrogen, alkyl, alkenyl, heteroalkyl, cycloalkyl, het-
erocyclyl, aryl, arylalkyl, heteroaryl, or heteroarylalkyl, each
of which is optionally substituted; and X' is a bond, alkylene,
heteroalkylene, cycloalkylene, or cycloheteroalkylene, each
of which is optionally substituted; or R* and X' together with
the attached nitrogen form an optionally substituted hetero-
cyclyl;

R is hydrogen, alkyl, alkenyl, heteroalkyl, cycloalkyl, het-
erocyclyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, each
of which is optionally substituted;

L! is —C(O)—, —OC(0O)—, —NR’C(0)—, —S(0),—,
or —CR’R®*—; where n is 1 or 2; and R” and R®** are each
independently selected from the group consisting of hydro-
gen, alkyl, alkenyl, heteroalkyl, cycloalkyl, heterocyclyl,
aryl, arylalkyl, heteroaryl and heteroarylalkyl, each of which
is optionally substituted, or R” and R®* together with the
carbon atom to which they are attached form an optionally
substituted cycloalkyl;

L?is —C(O)— or —S5(0),—, where pis 1 or 2;

R>4is alkyl, alkenyl, heteroalkyl, cycloalkyl, heterocyclyl,
aryl, arylalkyl, heteroaryl or heteroarylalkyl, each of which is
optionally substituted;

R?® is independently in each instance hydrogen or a pro-
drug moiety;

[? is —C(O)—, —C(0)O—, —C(O)NR*—, —NR?*°C
(O)— —S(0),—, —NR?°S(0) ,— optionally substituted
alkylene, —CH(C(O)NR*R'"**)— —CH(C(O)OR**)—,
or —CH(S(0),R%*)—; where q is 1 or 2; r is an integer from
0to 2; and R and R'°“ are each independently selected from
the group consisting of hydrogen, alkyl, alkenyl, heteroalkyl,
cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl and het-
eroarylalkyl, each of which is optionally substituted, or R%*
and R'%4 together with the attached nitrogen form an option-
ally substituted heterocyclyl; and

R*is cycloalkyl, heterocyclyl, aryl, or heteroaryl, each of
which is optionally substituted; and R># is hydrogen, alkyl,
alkenyl, heteroalkyl, arylalkyl, heteroarylalkyl, heterocycly-
lalkyl, each of which is optionally substituted, —NR?°R®%?,
-alkylene-SR'*, -alkylene-OR'*#, -alkylene-NR''“R'*%;
where R is hydrogen, alkyl, alkenyl, heteroalkyl, arylalkyl,
heteroarylalkyl, heterocyclylalkyl, each of which is option-
ally substituted, -alkylene-SR'*4, -alkylene-OR ', or -alky-
lene-NR''“R'**; where R'™ and R'** are each indepen-
dently selected from the group consisting of hydrogen, alkyl,
alkenyl, heteroalkyl, cycloalkyl, heterocyclyl, aryl, arylalkyl,
heteroaryl and heteroarylalkyl, each of which is optionally
substituted; or R** and R'** together with the attached nitro-
gen form an optionally substituted heterocyclyl; or R** and
R** together with L* and the attached nitrogen form an
optionally substituted mono or bicyclic heterocycle;

providing that the compound is not

~ N SO,Me
OMe or
OH
H H H
Ph N N NGO S
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-continued
~ o S0Me
OH S
T =N
(@] (@]
Ph

and

providing that when L? is C(O), R* is aryl, or heteroaryl,
each of which is optionally substituted, or R** and R34
together with L* and the attached nitrogen form an optionally
substituted heterocycle.

In another illustrative embodiment, a compound of the
following Formula I1I is described.

Formula ITT

! O

=

R\XI/N\L“/A\LZ/

RSA

and solvates, hydrates and pharmaceutically acceptable salts
thereof;, wherein:

A is a divalent aromatic group;

R'ishydrogen, alkyl, alkenyl, heteroalkyl, cycloalkyl, het-
erocyclyl, aryl, arylalkyl, heteroaryl, or heteroarylalkyl, each
of which is optionally substituted; and X" is a bond, alkylene,
heteroalkylene, cycloalkylene, or cycloheteroalkylene, each
of which is optionally substituted; or R' and X" together with
the attached nitrogen form an optionally substituted hetero-
cyclyl;

R is hydrogen, alkyl, alkenyl, heteroalkyl, cycloalkyl, het-
erocyclyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, each
of which is optionally substituted;

L*is —C(0)—, —S(0),—, or —CR'R®*—; wherenis 1
or 2; R” and R are each independently selected from the
group consisting of hydrogen, alkyl, alkenyl, heteroalkyl,
cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl and het-
eroarylalkyl, or R” and R®** together with the carbon atom to
which they are attached form an cycloalkyl, each of which is
optionally substituted;

L? is —C(O)— or —S8(0),—, where p is 1 or 2;

R>is alkyl, alkenyl, heteroalkyl, cycloalkyl, heterocyclyl,
aryl, arylalkyl, heteroaryl or heteroarylalkyl, each of which is
optionally substituted;

R?° is hydrogen or a pro-drug moiety;

L? is —C(0)—, —S(0),—, NR*, optionally substituted
alkylene, —CH(C(O)NR*R'"**)— —CH(C(O)OR**)—,
or —CH(S(0),R°4)—; where q is 1 or 2; r is an integer from
0to 2; and R® and R'®“ are each independently selected from
the group consisting of hydrogen, alkyl, alkenyl, heteroalkyl,
cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl and het-
eroarylalkyl, each of which is optionally substituted, or R*4
and R'%* together with the attached nitrogen form an option-
ally substituted heterocyclyl;

R**is cycloalkyl, heterocyclyl, aryl, or heteroaryl, each of
which is optionally substituted; R>Z is hydrogen, alkyl, alk-
enyl, heteroalkyl, arylalkyl, heteroarylalkyl, heterocyclyla-
lkyl, each of which is optionally substituted, -alkylene-
SR alkylene-OR'"'# or -alkylene-NR''“R'**  where
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R''“and R'*# are each independently selected from the group
consisting of hydrogen, alkyl, alkenyl, heteroalkyl,
cycloalkyl, heterocyclyl, aryl, arylalkyl, heteroaryl and het-
eroarylalkyl, each of which is optionally substituted, or R**<
and R'** together with the attached nitrogen form an option-
ally substituted heterocyclyl; or R** and R*® together with L
and the attached nitrogen form an optionally substituted het-
erocycle;
with the proviso that the compound is not

~ N© SO,Me
OMe or
OH
H H H
Ph N N No
S
T OZ
(0] (0]
Ph
~ N SO,Me

oH S
PhTN N N ~y
0 0
Ph

In another illustrative embodiment, a compound of the
following Formula V is described.

Formula V
o\ /o
N
‘/ ~ N ~
RZO
N R2 o~ ®
\ _N N R
x3 x4
R4l
XS
Nps

or a pharmaceutically acceptable salt, isomer, mixture of
isomers, crystalline form, non crystalline form, hydrate, or
solvate thereof; wherein

R*® is hydrogen, alkyl or heteroalkyl, each of which is
optionally substituted;

R*! is hydrogen, alkyl or heteroalkyl, each of which is
optionally substituted;

X? is —C(O)— or —S(0),—;

X*is a bond, —C(0)—, —S(O) s —N(R'")—, option-
ally substituted alkylene, —CH(C(O)R'*)—, or—CH(S(0),
Rl 1)7,

X? is a bond, —N(R'7)—, —S(0O) 4 Or optionally sub-
stituted alkylene;

R? and R? are each independently selected from the group
consisting of hydrogen, —S(0O),R**, —C(O)R*?, —N(R?)
R?, alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, het-
erocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and het-
eroarylalkyl, each of which is optionally substituted; R* and
R? are each independently selected from the group consisting
of hydrogen, halogen, —OH, —NO,, —N(R®*R®, —OR'?,
—S(0),R'", —C(O)R'?, alkyl, cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl, each of which is optionally substituted;
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or R?, R*, X* and the attached nitrogen form an optionally
substituted heterocyclyl;

p is independently 1 or 2 in each instance; and q is inde-
pendently 0, 1, or 2 in each instance;

R*° is hydrogen, or a prodrug forming group;

R® is in each instance independently selected from the
group consisting of hydrogen, —C(O)R'?, —S(0),R**,
alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, hetero-
cycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted;

R® is in each instance independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted;

R'° is in each instance independently selected from the
group consisting of —C(Q)R*?, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted;

R is in each instance independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted, when n is 0; R'' is in each instance
independently selected from the group consisting of alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted, whenn is 1; and
R'! is in each instance independently selected from the group
consisting of —N(R'®)R'S, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted, when n is 2;

R'? and R'? are each independently selected from the
group consisting of hydrogen, —OR'®, —N(R'*)R'®, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted;

R'* is in each instance independently selected from the
group consisting of hydrogen, —N(R'®*)R*, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted; and

R'°,R'® R'7, R'® R'? are in each instance independently
selected from the group consisting of hydrogen, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted.

In another embodiment, methods for treating AIDS, HIV,
and other AIDS-related diseases are described herein, where
the method includes the step of administering to a patient in
need of relief from the disease a therapeutically effective
amount or one or more compounds of Formulae I, II, III
and/or V, or a composition containing one or more com-
pounds of Formulae I, II, IIT and/or V.

In another embodiment, methods for treating AIDS, HIV,
and other AIDS-related diseases are described herein, where
the method includes the step of administering to a patient in
need of relief from the disease a therapeutically effective
amount of one or more compounds of Formula IV, or a com-
position containing one or more compounds of Formula IV
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Formula IV
Il{lA Il{z O/RZO e
R\XM/N\ 2/Q\Xs/N N\X4/R4
X .

or a pharmaceutically acceptable salt, isomer, mixture of
isomers, crystalline form, non crystalline form, hydrate, or
solvate thereof; wherein

R is hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, or heteroarylalkyl, each of which is
optionally substituted;

Q'isacycloalkylene, heterocycloalkylene, arylene, or het-
eroarylene, each of which is optionally substituted;

X' isa bond, —N(R'")—, —S(0) 4 Or optionally sub-
stituted alkylene; and R'“¢ is —S(0),R'¥, —C(O)R'?,
—NR*R?®, alkyl, cycloalkyl, cycloalkyl-alkyl, heterocy-
cloalkyl, heterocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl,
or heteroarylalkyl, each of which is optionally substituted, or
R' and X'* together with the attached nitrogen form an
optionally substituted heterocyclyl;

X?is —C(0)—, —S(0),—, or optionally substituted alky-
lene;

X3 is —C(O)—or —3(0),—;

X*is a bond, —C(0)—, —S(0),—, —N(R'7)—, option-
ally substituted alkylene, —CH(C(O)R'*)—, or—CH(S(0),
Rl 1)7,

X? is a bond, —N(R'")—, —S(0),—, or optionally sub-
stituted alkylene;

R? and R? are each independently selected from the group
consisting of hydrogen, —S(0O),R**, —C(O)R*?, —N(R?)
R?, alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, het-
erocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and het-
eroarylalkyl, each of which is optionally substituted; R* and
R? are each independently selected from the group consisting
of hydrogen, halogen, —OH, —NO,, —N(R®*R®, —OR'?,
—S5(0), R, —C(O)R'?, alkyl, cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl, each of which is optionally substituted;
or R?, R*, X* and the attached nitrogen form an optionally
substituted heterocyclyl;

p is independently 1 or 2 in each instance; and n and q are
each independently O, 1, or 2 in each instance;

R?® is hydrogen, or a prodrug forming group;

R® is in each instance independently selected from the
group consisting of hydrogen, —C(O)R'?, —S(0O),R™*,
alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, hetero-
cycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
lkyl, each of which is optionally substituted;

R® is in each instance independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted;

R'° is in each instance independently selected from the
group consisting of —C(Q)R*?, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted;

R'! is in each instance independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
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ally substituted, when n is 0; R'! is in each instance
independently selected from the group consisting of alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted, whenn is 1; and
R!! is in each instance independently selected from the group
consisting of —N(R'*)R'S, alkyl, cycloalkyl, cycloalkyl-
alkyl, heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is option-
ally substituted, when n is 2;

R'? and R"® are each independently selected from the
group consisting of hydrogen, —OR'®, —N(R'*)R*®, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted;

R'* is in each instance independently selected from the
group consisting of hydrogen, —NR'®R', alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted; and

R'*, R*®, R'7, R'®, and R'? are in each instance indepen-
dently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, heterocy-
cloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and heteroaryla-
Ikyl, each of which is optionally substituted.

In another embodiment, pharmaceutical compositions
comprising one or more compounds of Formulae 1, IT and/or
11T are described herein.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein R'“ and X' and the attached nitrogen, and the
corresponding groups in each of Formulae II, III, IV, and V,
form an optionally substituted heterocyclyl. In another illus-
trative embodiment, R' and X'<, and the corresponding
groups in each of Formulae I, III, IV, and V, and the attached
nitrogen form an optionally substituted oxazole. In another
illustrative embodiment, R and X', and the corresponding
groups in each of Formulae I, III, IV, and V, and the attached
nitrogen form an optionally substituted pyrrolidine. In
another illustrative embodiment, R'# and X'“, and the corre-
sponding groups in each of Formulae I, III, IV, and V, are
alkyl and alkylene, respectively.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein X? and X>, and the corresponding groups in
each of Formulae I1, 111, IV, and V, are —C(O)—.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein X*, and the corresponding group in each of
Formulae I1, 111, IV, and V, is —C(O)— or—S(0),—, and R?,
and the corresponding group in each of Formulae II, I1I, TV,
and V, is alkyl, cycloalkyl, cycloalkyl-alkyl, heterocy-
cloalkyl, heterocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl,
or heteroarylalkyl, each of which is optionally substituted. In
another illustrative embodiment, R*, and the corresponding
group in each of Formulae IL, 111, IV, and V, X* and R*, and the
corresponding groups in each of Formulae II, III, IV, and V,
taken together form optionally substituted arylsulfonyl, such
as methoxy, amino, methoxylmethyl, and the like phenyl
sulfonyl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein X>, and the corresponding group in each of
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Formulae II, 111, IV, and V, is optionally substituted alkylene.
In another illustrative embodiment, X> and R>, and the cor-
responding groups in each of Formulae I1, I11, IV, and V, taken
together form optionally substituted arylalkyl, such as ben-
zyl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein Q', and the corresponding groups in each of
Formulae I1, II1, and IV is arene or heteroarene, each of which
is optionally substituted.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein X* and X?, and the corresponding groups in
each of Formulae 11, III, IV, and V, are —C(O)— and Q' is
optionally substituted 1,3-phenylene. In another illustrative
embodiment, X* and X°, and the corresponding groups in
each of Formulae I, II1, TV, and V, are —C(O)— and Q' is
N-alkyl alkylsulfonylamino, dialkylamino, alkylamino,
amino, hydroxy, alkoxy, alkyl, heteroaryl, and like substi-
tuted 1,3-phenylene, where the substituent is on C-5. In
another illustrative embodiment, X? and X3, and the corre-
sponding groups in each of Formulae I, II1, IV, and V, are
—C(O)— and Q' is optionally substituted 2,4-pyridindiyl or
3,5-pyridindiyl. In another illustrative embodiment, X* and
X3, and the corresponding groups in each of Formulae II, 111,
IV, and V, are —C(O)— and Q" is dialkylamino, alkylamino,
amino, alkyl, and like substituted 2,4-pyridindiyl, where the
substituent is on C-6.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein R®, and the corresponding group in each of
Formulae I, I1I, IV, and V, is C,-C,, alkyl or cycloalkyl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein R, and the corresponding group in each of
Formulae 11, III, IV, and V, is an optionally substituted aro-
matic heterocyclyl, such as optionally substituted thiazole. In
another illustrative embodiment, R, and the corresponding
group in each of Formulae II, III, IV, and V, is optionally
substituted oxazole. In another illustrative embodiment, R,
and the corresponding group in each of Formulae II, 111, TV,
and 'V, is alkyl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein R and X', and the corresponding groups in
each of Formulae II, 111, IV, and V, taken together form alkyl,
and R, and the corresponding group in each of Formulae II,
111, IV, and V, is alkyl. In another illustrative embodiment, R
and X', and the corresponding groups in each of Formulae
11, 111, IV, and V, taken together form alkyl, and R4, and the
corresponding group in each of Formulae II, 11, IV, and V, is
hydrogen. In another illustrative embodiment, R and X', and
the corresponding groups in each of Formulae I1, III, IV, and
V, taken together form optionally substituted cycloalkyl, and
R4, and the corresponding group in each of Formulae II, III,
1V, and V, is alkyl. In another illustrative embodiment, R and
X', and the corresponding groups in each of Formulae II, 11,
1V, and V, taken together form optionally substituted hetero-
cycyl, and R, and the corresponding group in each of For-
mulae IL, 111, IV, and V, is alkyl. In another illustrative embodi-
ment, R, and the corresponding groups in each of Formulae II,
111, 1V, and V,, is optionally substituted heteroaryl, X', and
the corresponding groups in each of Formulae I1, III, IV, and
V, is alkylene, such as methylene, and R'“, and the corre-
sponding group in each of Formulae I1, I1L, IV, and V, is alkyl.
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In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein R>, and the corresponding group in each of
Formulae 11, 111, IV, and V, is optionally substituted aryl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein X* and R*, and the corresponding groups in
each of Formulae II, II1, TV, and V, are taken together to form
an optionally substituted arylsulphonyl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein R®, R* and X*, and the corresponding groups
in each of Formulae II, III, IV, and V, are taken together to
form a heterocyclyl carboxylic acid or a derivative thereof. In
another illustrative embodiment, R*, R* and X*, and the cor-
responding groups in each of Formulae II, 111, IV, and V, are
taken together to form piperazinylcarboxylic acid or a deriva-
tive thereof, In another illustrative embodiment, R, R* and
X*, and the corresponding groups in each of Formulae II, III,
1V, and V, are taken together to form perhydroisoquinolinyl
carboxylic acid or a derivative thereof.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein R®, and the corresponding group in each of
Formulae 11, 111, IV, and V, is branched alkyl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein R*°, and the corresponding group in each of
Formulae 11, 11, IV, and V, is hydrogen.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein X° and R®, and the corresponding groups in
each of Formulae II, III, IV, and V, taken together form an
optionally substituted arylalkyl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein Q', and the corresponding group in each of
Formulae II, I11, and IV, is phenylene or pyridinylene, each of
which is optionally substituted.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein X* and R'%, and the corresponding groups in
each of Formulae II, I1I, IV, and V, are C(O), and hydrogen or
alkyl, respectively, and wherein R and X', and the corre-
sponding groups in each of Formulae I, III, IV, and V, are
taken together to form an optionally substituted heterocycly-
lalkyl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein R, R and X*<, and the corresponding groups
in each of Formulae II, III, IV, and V, are taken together to
form an optionally substituted heterocyclyl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein Q', and the corresponding groups in each of
Formulae 11, 111, IV, is a 1,3-phenylene, substituted at the
S-position with an N-alkyl-alkylsulfonamido group.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula II are described
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herein wherein W and Z are independently selected from the
group of divalent groups consisting of CR%, N, O, S(O),, and
covalently bonded combinations thereof. In another illustra-
tive embodiment, W and Z are each independently selected
from the group of divalent groups consisting of N, CR%, and
covalently bonded combinations thereof. In another illustra-
tive embodiment, W, Z, and the attached carbons form a
six-membered ring. In another illustrative embodiment, W, Z,
and the attached carbons form an aromatic ring. In another
illustrative embodiment, Z, W, a, b, ¢ and d are taken together
to form a phenylene or pyridinylene, each of which is option-
ally substituted.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula and III are
described herein wherein A is a monocyclic or bicyclic diva-
lent aromatic group. In another illustrative embodiment, A is
a divalent phenyl, pyridinyl, pyridazinyl, pyrimidinyl, or
pyrazinyl group. In another illustrative embodiment, A is
phenylene or pyridinylene, each of which is optionally sub-
stituted.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula II are described
herein wherein L' and L are —C(O)—.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula III are described
herein wherein L* and L are —C(O)—.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula II are described
herein wherein L* is SO, or C(O).

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula III are described
herein wherein L is SO, or C(Q).

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula II are described
herein wherein R># is not hydrogen. In another illustrative
embodiment, R*>* is optionally substituted C,-C,, alkyl. In
another illustrative embodiment, compounds, pharmaceuti-
cal compositions containing such compounds, and methods
for using compounds of Formula III are described herein
wherein R is optionally substituted C5-C , alkyl. In another
illustrative embodiment, R>Z is not hydrogen.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula II are described
herein wherein IL? is alkylene and R** is aryl substituted with
an oxygen or nitrogen containing substituent. In another illus-
trative embodiment, L? is alkylene and R** is aryl substituted
with an oXygen or nitrogen containing substituent. In another
illustrative embodiment, L? is alkylene and R** is aryl sub-
stituted with an oxygen or nitrogen containing substituent,
where the substituent is vicinal to I>. In another illustrative
embodiment, L’ is alkylene and R** is aryl substituted with an
oxygen or nitrogen containing substituent, where the sub-
stituent is vicinal to L°. In another illustrative embodiment,
L? and R* are taken together to form an optionally substi-
tuted arylsulphonyl. In another illustrative embodiment, L
and R* are taken together to form an optionally substituted
arylsulphonyl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula II are described
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herein wherein R>4, R* and L are taken together to form a
heterocyclyl carboxylic acid or a derivative thereof. In
another illustrative embodiment, compounds, pharmaceuti-
cal compositions containing such compounds, and methods
for using compounds of Formula III are described herein
wherein R*?, R* and L” are taken together to form a hetero-
cyclyl carboxylic acid or a derivative thereof.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula II are described
herein wherein R*#, R** and L* are taken together to form
piperazinylcarboxylic acid or a derivative thereof. In another
illustrative embodiment, compounds, pharmaceutical com-
positions containing such compounds, and methods for using
compounds of Formula III are described herein wherein R,
R* and L’ are taken together to form piperazinylcarboxylic
acid or a derivative thereof.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula II are described
herein wherein R*, R** and L? are taken together to form
perhydroisoquinolinyl carboxylic acid or a derivative thereof.
In another illustrative embodiment, compounds, pharmaceu-
tical compositions containing such compounds, and methods
for using compounds of Formula III are described herein
wherein R3%, R* and L° are taken together to form perhy-
droisoquinolinyl carboxylic acid or a derivative thereof.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula II are described
herein wherein R*? is branched alkyl. In another illustrative
embodiment, compounds, pharmaceutical compositions con-
taining such compounds, and methods for using compounds
of Formula I1I are described herein wherein R*” is branched
alkyl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula II are described
herein wherein R*° is hydrogen. In another illustrative
embodiment, compounds, pharmaceutical compositions con-
taining such compounds, and methods for using compounds
of Formula III are described herein wherein R is hydrogen.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula I are described
herein wherein R>, and the corresponding group in each of
Formulae I1, 111, IV, and V, is optionally substituted arylalkyl.
In another illustrative embodiment, compounds, pharmaceu-
tical compositions containing such compounds, and methods
for using compounds of Formula III are described herein
wherein R>* is optionally substituted arylalkyl.

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula II are described
herein wherein L' is C(O), R* is hydrogen or alkyl, and R and
X! are taken together to form an optionally substituted het-
erocyclylalkyl. In another illustrative embodiment, com-
pounds, pharmaceutical compositions containing such com-
pounds, and methods for using compounds of Formula I1I are
described herein wherein L* is C(O), R" is hydrogen or alkyl,
and R and X" are taken together to form an optionally substi-
tuted heterocyclylalkyl

In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formulae II and III are
described herein wherein R, R' and X' are taken together to
form an optionally substituted heterocyclyl.



US 9,085,571 B2

23 24
In another illustrative embodiment, compounds, pharma-
ceutical compositions containing such compounds, and
methods for using compounds of Formula V are described OMe
herein wherein X is —C(0)—, R*’ is alkyl, and R* is alkyl. NN - OH
In another illustrative embodiment, compounds, pharma- 5 N | N . N
. - .. e ~g
ceutical compositions containing such compounds, and S : 7\
methods for using compounds of Formula V are described \ o] A 0 0
herein wherein X* is —C(O)—, R*’ is methyl and R*' is K(N Ph
ethyl.
In another illustrative embodiment, the methods described 10 Me
herein include compounds, and pharmaceutical compositions
containing such compounds of the following formulae
Me
OMe
N OH Pl
ve—d \ N¢ N : N
e o \/\/ ~g
: VAN
o o o o
Ph
Me
NH,
N OH Pl
ve—d \ N¢ N : N
(<] o \S
s I\
o o o 0
Ph
Me
N QH OMe.
v d N K P
e o N\
: VAN
o o o o
Ph
In one illustrative embodiment, the methods described 40 -continued
herein include compounds, and pharmaceutical compositions NIL
containing such compounds of the following formulae OMe
OH '
N % : N
45 ~ N ~s
% ; %
NMe, \ O e
N N Ph
OMe
NN OH
%\I/Ie | % H X Me
P A NN 50
H 7N
O O . . . .
0 0 Ph/ In another illustrative embodiment, the methods described
herein include compounds, and pharmaceutical compositions
containing such compounds of the following formulae
NH, 55
OMe. NMe;,
/ﬁ o
N N : N NN ol OMe.
N \./\/ \//s\\ %\I/[e | § : ! /O/
0 0 /' O 0 60 e \/\/ ~g
Ph N o &5 U d%
Ph/

In another illustrative embodiment, the methods described 45
herein include compounds, and pharmaceutical compositions
containing such compounds of the following formulae

In another illustrative embodiment, the methods described
herein include compounds, and pharmaceutical compositions
containing such compounds of the following formulae
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In another illustrative embodiment, the methods described
herein include compounds, and pharmaceutical compositions
containing such compounds of the following formulae

_(Ajv \’(©\’( o (\N A

L |

Z
N
Me
N
{/ \ Me H
Me N N
O
(6] (6]
Ph
NH,
S
Me %
N = N \/\/ N
0 0 i
Ph/

In another illustrative embodiment, the methods described
herein include compounds, and pharmaceutical compositions
containing such compounds of the following formulae

Me
N.
N = OH Pl
/ \ Me | H :
Me N N N
O
i // \\
0 o
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In another illustrative embodiment, the methods described

herein include compounds, and pharmaceutical compositions
containing such compounds of the following formulae

O

||IO

\

S
// \\\©\
OMe

C41HseN4OgS
Mol. Wt.: 764.9703

0
Me Jk )<
N7 Mo

ol
{ NP
N \/\/ ~g
: %

(@] (@] 2

Ph/
OMe

C3Hs>N4OgS

Mol. Wt.: 724.9065

<

: /
>=(7 \ OH O/
@) N
\<
C36H44N40gS
Mol. Wt.: 692.8216
O
NH OH
N N
O§\\S/ Ph (@] =\S =0
K/ N /
O —_—
C35H44N4078;

Mol. Wt.: 696.8765
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pH
/ —
O/
O N
F
O_
C35H4oN4058

Mol. Wt.: 662.7956

In another illustrative embodiment, compounds that inhibit
HIV protease are described. Illustrative examples of such
compounds are shown in TABLE 1.

In another embodiment, pharmaceutical dosage forms of
and methods of administration of the compounds are
described herein. The compounds described herein can be
prepared and administered in a wide variety of conventional
oral, parenteral and topical dosage forms, utilizing art-recog-
nized products. See generally, Remington: The Science and
Practice of Pharmacy, (21° ed., 2005). Thus, the compounds
described herein can be administered by injection (e.g. intra-
venously, intramuscularly, intracutaneously, subcutaneously,
intraduodenally, or intraperitoneally). Also, the compounds
described herein can be administered by inhalation, for
example, intranasally. Additionally, the compounds
described herein can be administered transdermally. It is also
envisioned that multiple routes of administration (e.g., intra-
muscular, oral, transdermal) can be used to administer the
compounds described herein. Accordingly, pharmaceutical
compositions comprising a pharmaceutically acceptable car-
rier or excipient and one or more compounds described herein
are described.

In making the formulations of the compounds described
herein, a therapeutically effective amount of the inhibitor in
any of the various forms described herein may be mixed with
an excipient, diluted by an excipient, or enclosed within such

0 45 acarrier which can be in the form of a capsule, sachet, paper,

or other container. Excipients may serve as a diluent, and can
be solid, semi-solid, or liquid materials, which act as a
vehicle, carrier or medium for the active ingredient. Thus, the
formulation compositions can be in the form of tablets, pills,
powders, lozenges, sachets, cachets, elixirs, suspensions,
emulsions, solutions, syrups, aerosols (as a solid or in a liquid
medium), soft and hard gelatin capsules, suppositories, sterile
injectable solutions, and sterile packaged powders. The com-
positions may contain anywhere from about 0.1% to about
99.9% active ingredients, depending upon the selected dose
and dosage form. Some examples of suitable excipients
include lactose, dextrose, sucrose, sorbitol, mannitol,
starches, gum acacia, calcium phosphate, alginates, traga-
canth, gelatin, calcium silicate, microcrystalline cellulose,
polyvinylpyrrolidone, cellulose, water, syrup, and methyl
cellulose. The formulations can additionally include: lubri-
cating agents such as talc, magnesium stearate, and mineral
oil; wetting agents; emulsifying and suspending agents; pre-
serving agents such as methyl- and propylhydroxybenzoates;
sweetening agents; and flavoring agents. The compositions
can be formulated so as to provide quick, sustained or delayed
release of the active ingredient after administration to the
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patient by employing procedures known in the art. It is appre-
ciated that the carriers, diluents, and excipients used to pre-
pare the compositions described herein are advantageously
GRAS (Generally Regarded as Safe) compounds.

The compounds described herein may contain one or more
chiral centers, or may otherwise be capable of existing as
multiple stereoisomers. Accordingly, it is to be understood
that the present invention includes pure stereoisomers as well
as mixtures of stereoisomers, such as enantiomers, diastere-
omers, and enantiomerically or diastereomerically enriched
mixtures. The compounds described herein may be capable of
existing as geometric isomers. Accordingly, it is to be under-
stood that the present invention includes pure geometric iso-
mers or mixtures of geometric isomers.

In this and other embodiments described herein, itis under-
stood that the compounds may be neutral or may be one or
more pharmaceutically acceptable salts, crystalline forms,
non crystalline forms, hydrates, or solvates, or a combination
of the foregoing. Accordingly, all references to the com-
pounds described herein may refer to the neutral molecule,
and/or those additional forms thereof collectively and indi-
vidually from the context.

The term “cycloalkyl” as used herein includes molecular
fragments or radicals comprising a bivalent chain of carbon
atoms, at least a portion of which forms a ring. It is to be
understood that the term cycloalkyl as used herein includes
fragments and radicals attached at either ring atoms or non-
ring atoms, such as cyclopropyl, cyclohexyl, 3-ethylcyclo-
pent-1-yl, cyclopropylethyl, cyclohexylmethyl, and the like.

The term “cycloalkenyl” as used herein generally refers to
a monovalent chain of carbon atoms containing one or more
unsaturated bonds, at least a portion of which forms a ring.

The term “cycloalkylene” as used herein includes molecu-
lar fragments or radicals comprising a bivalent chain of car-
bon atoms, a portion of which forms a ring. It is to be under-
stood that the term cycloalkyl as used herein includes
fragments and radicals attached at either ring atoms or non-
ring atoms, such as cycloprop-1,1-diyl, cycloprop-1,2-diyl,
cyclohex-1,4-diyl, 3-ethylcyclopent-1,2-diyl, 1-methyl-
enecyclohex-4-yl, and the like.

The terms “heteroalkyl” and “heteroalkylene” as used
herein includes molecular fragments or radicals comprising
monovalent and divalent, respectively, groups that are formed
from a linear or branched chain of carbon atoms and heteroa-
toms, wherein the heteroatoms are selected from nitrogen,
oxygen, and sulfur, such as alkoxyalkyl, alkyleneoxyalkyl,
aminoalkyl, alkylaminoalkyl, alkyleneaminoalkyl, alkylthio-
alkyl, alkylenethioalkyl, alkoxyalkylaminoalkyl, alkylami-
noalkoxyalkyl, alkyleneoxyalkylaminoalkyl, and the like. It
is to be understood that neither heteroalkyl nor heteroalkylene
includes oxygen-oxygen fragments. It is also to be under-
stood that neither heteroalkyl nor heteroalkylene includes
oxygen-sulfur fragments, unless the sulfur is oxidized as S(O)
or S(0),.

As used herein, the term “haloalkyl” generally refers to an
alkyl group wherein one or more hydrogen atoms is replaced
with a halogen atom, independently selected in each instance
from the group consisting of fluorine, chlorine, bromine and
iodine. Non-limiting, illustrative examples include, difluo-
romethly, 2,2, 2-trifluoroethyl, 2-chlorobutyl, 2-chloro-2-pro-
pyl, trifluoromethyl, bromodifluoromethyl, and the like.

The terms “heterocycle” and “heterocycloalkylene” as
used herein include molecular fragments or radicals compris-
ing a monovalent or divalent chain of carbon atoms and
heteroatoms, respectively, wherein the heteroatoms are
selected from nitrogen, oxygen, and sulfur, at least a portion
of'which, including at least one heteroatom, form a ring, such
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as aziridine, pyrrolidine, oxazolidine, 3-methoxypyrrolidine,
3-methylpiperazine, and the like, and wherein the fragment or
radical may contain one or more unstaturated bonds. Accord-
ingly, as used herein, heterocycle includes alkylheterocycle,
heteroalkylheterocycle, heterocyclylalkyl, heterocyclylhet-
eroalkyl, and the like. It is to be understood that the term
heterocycle as used herein includes fragments and radicals
attached at either ring atoms or non-ring atoms, such as tet-
rahydrofuran-2-yl, piperidin-1-yl, piperidin-4-yl, piperazin-
1-yl, morpholin-1-yl, tetrahydrofuran-2-ylmethyl, piperidin-
1-ylethyl, piperidin-4-ylmethyl,  piperazin-1-ylpropyl,
morpholin-1-ylethyl, and the like. It is also understood that

The term “aryl” as used herein includes molecular frag-
ments or radicals comprising an aromatic mono or polycyclic
ring of carbon atoms, such as phenyl, naphthyl, and the like.

The term “heteroaryl” as used herein includes molecular
fragments or radicals comprising an aromatic mono or poly-
cyclic ring of carbon atoms and at least one heteroatom
selected from nitrogen, oxygen, and sulfur, such as pyridinyl,
pyrimidinyl, indolyl, benzoxazolyl, and the like.

The term “substituted aryl” or “substituted heteroaryl” as
used herein includes molecular fragments or radicals com-
prising aryl or heteroaryl substituted with one or more sub-
stituents, such as alkyl, heteroalkyl, halo, hydroxy, amino,
alkyl or dialkylamino, alkoxy, alkylsulfonyl, aminosulfonyl,
carboxylate, alkoxycarbonyl, aminocarbonyl, cyano, nitro,
and the like. Itis to be understood that the alkyl groups in such
substituents may be optionally substituted with halo.

It is also appreciated that in the foregoing embodiments,
certain aspects of the compounds are presented in the alter-
native, such as selections for any one or more of R, R4, Q', W,
Z Xl XIA X2 X3 X4 XS Ll L2 L3 L4 LS A Rl RIA R2
R3 R3A R3B R4 RS R4A RSA R6 R7 RS RSA R9 RlO Rll
R12 R13 R14 R9A RIOA Rl lA RIZA R13A R14A RIS R16
R17 R'®, R, R*, a,b,c,d,n, m P9, andr Ttis therefore to
be understood that various alternate embodiments of the
invention include individual members of those lists, as well as
the various subsets of those lists. Each of those combinations
is to be understood to be described herein by way of the lists.
For example, in such alternative embodiments, compounds of
Formula I are described wherein R is a substituted heteroaryl,
X'4is alkylene, Q' is a 1,3-phenylene, and each of X* and X>
is C(O).

The examples described herein are to be construed as illus-
trative only and are not meant to limit the scope of compounds
or compositions that are contemplated in the present inven-
tion and a skilled person will readily recognize additional
compounds that fall within the scope of the present invention.

METHODS AND EXAMPLES
Example 1
Synthesis

The compounds herein contemplated are synthesized by an
appropriate combination of generally well known synthetic
methods. Techniques useful in synthesizing the compounds
described herein are both readily apparent and accessible to
those of skill in the relevant art. The discussion below is
offered to illustrate certain of the diverse methods available
for use in assembling the compounds described herein. How-
ever, the discussion is not intended to define the scope of
reactions or reaction sequences that are useful in preparing
the compounds described herein.

In an illustrative example, inhibitors described herein are
synthesized using the route shown in the following scheme.
Other examples can be prepared using routine modifications,
known to those skilled in the art of organic synthesis, of the
schemes shown herein.
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EDCI, HOBT

DIPEA, CH,Cl,
HO. OMe  +

NH
16 b, 1t
/
S
Nf W‘Q\’(
/‘\/
LIOH—I,0

THF/MeOH/H,0 (3:1:1)
164, 1t

Nf \’p\’(
/‘\/
TFA, CH,Cl,
1 h, 1t EDCI, HOBT
DIPEA, CH,Cl,
Boc -~ \/\/ \

||I|O

; //\\ 16, 1t
Ph/
# OMe
OH
LY
N N . N\S
N== 0 0 0//\\0

In another embodiment, compounds of formula I, wherein

] DO -continued
X? and X are —C(O)— and R*° is hydrogen are synthe51zed R
as shown below. |
R N Q! OH
~ XIA/ \”/ \ﬂ/
60 O O
EDCI, R2
DMAP, 0 R’ ag. EtOH.
RM HO ! o PN AN A
Q ~~  DMF Boc * ¢ A
HN. R TFA
+ _— Ny’
R NH LiOH, 65 x5 X
x4 0 0 aq. THF 7
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-continued
Il{z OH R?
HN N R*
~ 7~
x4 5
XS
~ RS
RIA

R N Q! OH 10

X4 \"/ \ﬂ/ EDCI,

DMAP

0 0 ’

EtzN,

DMF
+ > 15

R? OH R?
4
HN N o R
20
XS
~ RS
Il{lA Il{Z oH R3
1 4
R\XlA/N\”/Q\”/N N\X4/R 25
5
0 0 X3, .

30
In another embodiment, compounds of formula I, wherein
X2 and X? are —C(O)— and R*° is hydrogen are synthesized
as shown below.

35

EDCI,
DMAP,
EuN
RIA ite) Q 1 o) >
~. DMF
. \”/ \I‘( “
R NH LiOH,
x4 0 0 aq. THF
RIA
R N Q! OH
~y Ve \ﬂ/ \ﬂ/ 45
0 0
RZ
(0] aq. EtOH,
N R A
Boc/ + | —_— 50
. NI,
X
7~
RS
R? oH R3
55
N NH
Boc/
5
x5, .
4 60
R2 OH R Le ~ ot
_N NH DMAP, E;N, CH,Cl,
Boc e —
TFA
5
X . 65

-continued
Il{z OH R?
4
HN N X4/R
XS
~ R5
RIA
R N Q! OH
O
DMAP
0 0 ’
EN,
DMF
4 R
R? OH R?
4
HN N X4/R
XS
~ RS
Il{lA Il{Z OH R3
R N ! N N R*
\XM/ \”/Q\“/ ﬁ)\/ Ny
5
0 0 X2 .

In another embodiment, compounds of formula II, wherein
L' and L? are —C(O)— and R*° is hydrogen are synthesized
as shown below.

EDCI,
DMAP,
Et;N
1 [e) [e) 34N
0 a b DMF
+ —_—
R _NH o LiOH,
1 W
X HO 0 aq. THF
Rl
R N a.np
7
d Ny,
o) w OH
% o) Rt aq. EtOH,
_ A
Boc + | —_—
NH,
RSA
OH R34
§ NH
Boc/
RSA
L R4A
on R ST
R NH DMAP, Et;N, CH,Cl,
Boc/ TFA
RSA
OH R34
44
LN N\L3/R
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-continued -continued
Il{l OH R¥®
(0]
zZ
R N a.on b H,N N R
Sx” : Z>—< EDCI, N7
N 5
4 W - DMAP, st
EtzN,
DMF
+ —_— R!
| 0
34 10 R N A
OH R ~x1” \"/ EDCL
LN N R# OH DMAP,
N7 O EgN,
DMF
R? + —_—
Il{l OH R 15
a L. b & 44 3B
R N a N N, R OH R
X ?-‘ >—§ L
Pam— LN N R
w R4 2 N7
20 RSt
In another embodiment, compounds of formula III,
wherein L* and L? are —C(O)— and R*° is hydrogen are R! OH R38
synthesized as shown below. | o
N A N N R
5 R\Xl e \ﬂ/ \”/ \L5/
EDCI, o) o) R4
DMAP,
Et;N,
1 0 0 340N
R DMF
+ _— 30
R NH A LiOH, Example 2
X4 1o 0— aq. THF
Rl
| Inhibition of HIV Proteases
R N A O
Sxi7 s . .
Without being bound by theory, it is suggested that the
0 OH compounds described herein may exert their utility by the
)it (0] aq. EtOH, e . .
8 R3B A inhibition of proteases encoded by human immunodeficiency
nhibit fprot ded by h defi
Boc™” + S virus. Techniques for measurement of the ability of the com-
RS NH, 40" pounds herein described to decrease the proteolytic activity of
oo R3B proteases encoded by HIV are well known to those skilled in
I | the relevant art and any one or combination of such tech-
B N NH niques can be used to measure the inhibition of protease
0C .« . . . . .
45 activity of the compound herein described. One illustrative
R34 method is described by Toth and Marshall (Toth & Marshall,
44 .
Lo R Int. J. Pep. Protein Res. (1990), 36, 544-550). The disclosure
OH  R¥ L’ N L .
- DMAP. BN, CELCI of the foregoing is incorporated herein in its entirety by ref-
N NH el erence. In addition, the entirety of the disclosures of each of
-~
Boc TFA 50 the publications cited herein are also incorporated herein by
R4 reference. Measured inhibition constants are shown in
TABLE 1.
TABLE 1
Inhibition of Inhibition of
Compound HIV-1 (K;) HIV-1(ICsq)
0.6 1M
Me
OMe
N QH
M. H H
Me_<o } N NS TN
: VAN
0 0 o O

Ph
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TABLE 1-continued
Inhibition of Inhibition of
Compound HIV-1 (K;)  HIV-1(ICs0)
0.6 nM 0.02 pM
/ N OH
I PP
O \/\/ \S
VA
fo) fo) /— (@) @]
Ph
OMe
C35H4pN405S

Mol. Wt.: 662.7956

NH, 300 nM
Me H
N § ; N
NN N
(@] (@]

S
o// \\o

aQ

N\

Ph
OMe
C36H4eN406S
Mol. Wt.: 664.8545

NH,
400 nM
H
§ § A N
N NN
(@] (@]

O// \\O

e

AW

Ph

OMe

C3HgpN4O6S
Mol. Wt.: 610.7641

20 nM

C3H 5 N5O5
Mol. Wt.: 657.8420
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TABLE 1-continued

Inhibition of Inhibition of
HIV-1 (K;)  HIV-1(ICsq)

O 1000 nM
Me )I\ )<
\N O

Compound

OH
i
N \/\/N\ S
H VAN
fo) fo) /— (@) (@]
Phv
OMe
CgoHs5eN4OgS

Mol. Wt.: 778.9969

(€] 1000 nM
Me )J\ )<
\N (0]

OH
SN ~NN g
AN
o o d
Ph
OMe
C30H54N4088
Mol. Wt.: 738.9331
Me 300 nM
\NH
OH
N L i
N NN ~g
E /N
o o d o
Ph
OMe
C33Hy4N4068
Mol. Wt.: 624.7907
Me 200 nM
\NH
OH
N % ; N
NN g
E VA
5 o d" o
Ph
OMe
C37Hs50N4O6S

Mol. Wt.: 678.8811



US 9,085,571 B2

43 44
TABLE 1-continued
Inhibition of Inhibition of
Compound HIV-1 (K;)  HIV-1(ICs0)

Me 200 nM
\NH
ol
L P
SN \/\/ g
VA
o) fo) /— O O
Ph
OMe
C34H46N406S

Mol. Wt.: 638.8172

OMe 40 nM
H
N § ; N
NN
0 0

S
O// \\O

aQ

AW

Ph
OMe
C37H49N3058
Mol. Wt.: 679.8659

OMe 50 nM

OMe

C33H43N3078
Mol. Wt.: 625.7754

5 oM
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TABLE 1-continued
Inhibition of Inhibition of
Compound HIV-1 (K;)  HIV-1(ICs0)
100 nM
OH

H o
/\/Z
O
Zm
/"'mu
o
=
iy,

20 nM
0 OH
\::/\/N
§\ \840
(@]
Ph (4/
N,
e \4 /
200 nM
0 ol
E/\/N\S/O
A
N, 7
N,
N o
=
N
S\<
OMe 20 nM
ol
| i H
paYa SN TN
H VAN
o) fo) = (@) @]
Ph/
OMe
C34H4sN3058

Mol. Wt.: 639.8020
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TABLE 1-continued

Inhibition of Inhibition of

Compound HIV-1 (K;)  HIV-1(ICs0)

MeO
N I
}Jv' e
0 N NS
: 4
0 0 0

Ph

0.3 nM

o

AW

OMe

C36H44N4OgS
Mol. Wt.: 692.8216

J N | &
J\/N N 4
o) NN \s/

: 4
0 0 Y

Ph

0.6 nM

el

AW

OH

C3sHpN4 0478
Mol. Wt.: 662.7956

O
e}
juni

//< 0.2 nM 0.03 uM

)
Z,
/
ZT
'llll',,
e ((
1
Z,
O/
\
o)

\

6 nM
0 H OH
N §
\_5/\/N

\
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Compound

Inhibition of Inhibition of
HIV-1 (K;)  HIV-1(ICsq)

\O

1nM

5 oM

70 nM

100 nM
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TABLE 1-continued
Inhibition of Inhibition of
Compound HIV-1 (K;)  HIV-1(ICs)
0.1 naM
0 H OH
N §
\5/\/N
H \840
0 N I
Ph o
N
N\ 0
= /
N
S \<
600 nM
on
o M AL
o \/\/ ~¢
J
== N Ny -
Q | 0
>/N
2nM

N,
NI,

30 nM

S
e
C37H44N406S;

Mol. Wt.: 704.8985
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TABLE 1-continued
Inhibition of Inhibition of
Compound HIV-1 (K;)  HIV-1(ICs0)
0.03-08nM  321M
O
on ~
X 8. A x
VAN
N&= 0 o 7 o ©
S Ph
—
C37H44N406S,
Mol. Wt.: 704.8985
What is claimed is: R® is in each instance independently selected from the
1. A compound of the formula 20 group consisting of hydrogen, alkyl, cycloalkyl,
cycloalkyl-alkyl, heterocycloalkyl, heterocycloalkyl-
alkyl, aryl, arylalkyl, heteroaryl, and heteroarylalkyl,
each of which is optionally substituted;
/RZO R'° is in each instance independently selected from the
Il{lA Il{z o R 2 group consisting of —C(O)R™, alkyl, cycloalkyl,
R N Q! N N R* cycloalkyl-alkyl, heterocycloalkyl, heterocycloalkyl-
\XM/ ST N Sx” alkyl, aryl, arylalkyl, heteroaryl, and heteroarylalkyl,
S each of which is optionally substituted;

N RS 30 R is in each instance independently selected from the

or a pharmaceutically acceptable salt thereof; wherein

R is hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, or heteroarylalkyl, each of which
is optionally substituted;

X?and X> are —C(0)—;

Q' is optionally substituted 1,3-phenylene;

R' and X™* together with the attached nitrogen form an
optionally substituted heterocycle or R, R** and X' and
the attached nitrogen are taken together to form an
optionally substituted heterocycle;

X*is —C(O)— or —S(0),—;

R? is alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl,
heterocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, or
heteroarylalkyl, each of which is optionally substituted;

X is optionally substituted alkylene;

R? is selected from the group consisting of hydrogen,
—S(0),R*, —C(O)R'?, —N(R®*R?, alkyl, cycloalkyl,
cycloalkyl-alkyl, heterocycloalkyl, heterocycloalkyl-
alkyl, aryl, arylalkyl, heteroaryl, and heteroarylalkyl,
each of which is optionally substituted;

R* and R* are each independently selected from the group
consisting of hydrogen, halogen, —OH, —NO,,
—N(R*R®, —OR!°, —S(0),R'!, —C(O)R'?, alkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, each
of which is optionally substituted;

n and q are each independently O, 1, or 2 in each instance;

R?° is hydrogen;

R® is in each instance independently selected from the
group consisting of hydrogen, —C(O)R'?, —S(0),R'*,
alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl,
heterocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and
heteroarylalkyl, each of which is optionally substituted;

35
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group consisting of hydrogen, alkyl, cycloalkyl,
cycloalkyl-alkyl, heterocycloalkyl, hetoercycloalkyl-
alkyl, aryl, arylalkyl, heteroaryl, and heteroarylalkyl,
each of which is optionally substituted, when n is 0; R*!
is in each instance independently selected from the
group consisting of alkyl, cycloalkyl, cycloalkyl-alkyl,
heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is
optionally substituted, when n is 1; and R'! is in each
instance independently selected from the group consist-
ing of —N(R'*)R'®, alkyl, cycloalkyl, cycloalkyl-alkyl,
heterocycloalkyl, heterocycloalkyl-alkyl, aryl, aryla-
lkyl, heteroaryl, and heteroarylalkyl, each of which is
optionally substituted, when n is 2;

R'? and R'® are each independently selected from the
group consisting of hydrogen, —OR'®, —N(R'*)R*®,
alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl,
heterocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and
heteroarylalkyl, each of which is optionally substituted;

R'* is in each instance independently selected from the
group consisting of hydrogen, N(R'®)R'®, alkyl,
cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl, hetero-
cycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and het-
eroarylalkyl, each of which is optionally substituted; and

R'*, R*®, R'7, R'®, and R'? are in each instance indepen-
dently selected from the group consisting of hydrogen,
alkyl, cycloalkyl, cycloalkyl-alkyl, heterocycloalkyl,
heterocycloalkyl-alkyl, aryl, arylalkyl, heteroaryl, and
heteroarylalkyl, each of which is optionally substituted.

2. The compound of claim 1, wherein R*# and X' together

with the attached nitrogen form an optionally substituted
heterocycle.

3. The compound of claim 1, wherein R? is C,-C, , alkyl or

cycloalkyl.

4. The compound of claim 1, wherein R is an optionally

substituted heteroaryl.
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5. The compound of claim 1, wherein R® is optionally
substituted aryl.

6. The compound of claim 1 wherein X* is SO,; and R* is
optionally substituted aryl.

7. The compound of claim 1, wherein R? is branched alkyl.

8. The compound of claim 1, wherein X® is optionally
substituted alkylene; and R® is optionally substituted aryl.

9. The compound of claim 1 wherein R, R' and X' and
the attached nitrogen are taken together to form an optionally
substituted heterocycle.

10. A pharmaceutical composition comprising a com-
pound of claim 1; and one or more pharmaceutically accept-
able carriers, diluents, or excipients, or a combination
thereof.

11. The compound of claim 1, which is:

OMe;
I\i ~ OH ?/@/ e;
H :
N N, N
# \/\/ ~q

' A

S ; 0o
§N O OPh/

15

20

25

NH,

or a pharmaceutically acceptable salt thereof.

*
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-continued

OMe;
OH /@/
H H
N N
\/\/ ~g
. 0,
(0]
Ph/

*

or

*

*

*



